Summary: Noise has been generally found to cause hearing impairment. This was therefore a comparative study to determine whether chronic exposure to noise generated from food grinding machine can impair hearing acuity. Forty food grinding machine operators in Watt and Marian markets, Calabar, who were exposed to noise for at least 6 months formed the test subjects. Control subjects, however, were age-and sexmatched staff and students of the University of Calabar and University of Calabar Teaching Hospital, Calabar, who were exposed to low noise level. Results obtained showed that noise level in test sites (105.8 ± 9.24dB) was significantly higher than that in the control sites (55.5 ± 1.78dB; P< 0.001). At every frequency tested, the machine operators had poorer hearing acuity than control subjects. The hearing threshold of the machine operators positively correlated with their duration of exposure at 2000Hz and 4000Hz, (r = 0.357, P< 0.001; r = 0.444, P< 0.001 respectively) and age at 2000Hz, 4000Hz and 8000Hz (r = 0.266, P<0.05; r = 0.308, P<0.01, r = 0.292, P<0.01 respectively). The prevalence of hearing loss among the machine operators was significantly higher (62.5%), compared to control (15.79%; P<0.01). The incidence of symptoms such as tinnitus, insomnia and headache was also significantly higher in the test group (26.32%, 21.05% and 34.2%) than in the control (5.26%, 2.63% and 5.26% respectively; P < 0.01). Therefore, chronic exposure to food grinding machine noise at 105.8 ± 9.24dB can impair hearing acuity and associated risk factor appears to be prolonged exposure.
Introduction
Many factors may adversely affect the hearing acuity of individuals. Among these are aging, exposure to noise, disease and ototoxic agents (Gates et al, 1990) . Noise has long been recognized as a major cause of hearing impairment as shown by impaired hearing of coppersmiths usually referred to as "Coppersmith's deafness" in the eighteenth century and "blacksmith's deafness" in the nineteenth century (Manson & Ludman, 1979) . Sudden exposure to loud short-lived noise as in an explosion or gunfire can lead to permanent hearing loss, acoustic trauma. Chronic exposure to less intense but hazardous sounds can result in a gradual seemingly unnoticed deterioration of hearing sensitivity referred to as noise-induced hearing loss (NIHL) (Fox et al, 1991) called occupational noise.
Studies of occupational noise exposure and its deleterious effect abound in literature (Klockhoff et al, 1986; Prosser et al, 1988; Kryter, 1991; Pekkarinen et al, 1993; Nondahl et al, 2000; Soleki, 2001; Sadhra et al, 2002) . However, the intensity of noise and duration of exposure that may lead to hearing impairment is not certain. Furthermore, studies on noise have been done mostly on Caucasians. Studies on the effect of occupational noise among Africans are few. Osibogun et al (2000) found noise-induced hearing loss among textile workers in Lagos, Nigeria, who were exposed to environmental noise of more than 90dB. There were no reports on symptoms that may be associated to the noise.
There are also no studies on chronic exposure to noise generated from food grinding machines, which is one of the occupational peculiarities of many Africans, particularly Nigerians. Such studies may assist governments in formulating legislation governing noise level at food grinding work places.
This study was therefore aimed at determining the hearing acuity of some Nigerian men and women chronically exposed to noise generated from food grinding machines and compared with sex-and age-matched controls. The incidence of symptoms that may be associated with the noise also determined and compared with control subjects.
Materials and Methods
Subjects for this study were selected from Calabar city in South Eastern Nigeria. For test subjects, food grinding machine operators in two major markets in Calabar were selected to undergo audiometric assessment. The control group was drawn from staff and students of the University of Calabar Teaching Hospital and the University of Calabar who were of the same age and who were exposed to low noise levels. In order to exclude any other factors responsible for the reducing hearing acuity apart from noise from grinding machines, a thorough clinical history was taken and a questionnaire provided to identify previous ear disease, severe systemic illness, head injury or significant alternative noise exposure (McCombe et al, 1995) . Subjects with a history of post traumatic hearing loss or having dizziness or tinnitus before involvement in grinding; those with the social habit of night clubbing or listening to loud music with head phones and those with history of childhood ear disease were excluded in the study. Also excluded were those who were found to have been treated with high doses of ototoxic drugs such as genticin, chloramphenicol and quinine (McCombe et al, 1992; McCombe et al, 1994) . The exclusion criteria were also applied to the control subjects. The noise level at the sites of the grinding machines in the two markets and the control sites was measured using the sound level meter 72-860 (Tenma test equipment Springboro Ohio, USA). Informed consent was obtained from each participant at the beginning of the study (Nondahl et al, 2000) and the study carried out in accordance with the ethical standards of the ethical committee of the University of Calabar Teaching Hospital and with the Helsinki Declaration of 1975 revised in 1983.
The tests conducted were: otoscopy, puretone audiometry and a questionnaire to obtain information on the age, length of exposure, and other relevant information of the noise-exposed subjects and controls (Johanson et al, 2002) . Before performing hearing assessment (audiometry) otoscopy was done (Nondahl et al, 2000) to further exclude subjects with abnormal findings. In some subjects, after otoscopic examination using the otoscope, wax or debris in the external auditory canal were removed using Aural syringe, Johnson Horne's probes and wax hook.
A total of 40 noise exposed subjects comprising 29 males and 11 females aged between 14 and 60 years were used as tests subjects, while 38 age and sex-matched subjects consisting of 29 males and 9 females who were not exposed to any hazardous noise acted as controls. Hearing assessment of both test and control subjects was done using the pure-tone audiometer KC35 in the audiometric room of the University of Calabar Teaching Hospital, Calabar. Pure-tone audiograms were then obtained for both air and bone conduction. Air conduction audiograms were obtained for the conventional audiometric range 250Hz to 8000Hz (250, 500, 1000, 2000, 4000, and 8000Hz) and bone conduction audiograms obtained for the frequencies 250, 500, 1000, 2000 and 4000Hz (McCombe et al, 1995) .
Analysis of results was done for all the audiometric range of frequencies tested.
Prevalence of hearing loss (in percentage) at speech frequencies was defined as pure tone average for air conduction (at 500Hz, 1000Hz and 2000Hz) greater than or equal to 25dB, for the worse ear (Cruickshanks et al, 1998) .
To investigate other symptoms resulting from exposure to noise generated from the grinding machines, the questionnaires provided also asked if the exposed subjects experienced tinnitus, insomnia or headache after work. The same questionnaires were also given to the control subjects. Blood pressure of the subjects was also measured.
Statistical analysis:
The values are expressed as means ± standard error of the means and differences between means were assessed using the student's t-test. The relationship between hearing acuity and age, and hearing acuity and duration of exposure were determined using the multiple correlation coefficient. X 2 was used to test for significance of prevalence of hearing loss and other symptoms.
Results
The noise-exposed subjects were 40 in number comprising 29 males and 11 females. They were aged between 14 years and 60 years; the mean age being 31.2 ± 1.83 years. The duration of exposure was between months to 18 years; the mean duration being 4.9 ± 0.9 years. They had no history of previous hearing impairment and non-treatment with high doses of ototoxic drugs.
The controls were 29 males and 9 females aged between 16 and 62 years, with mean age at 30.5 ± 1.72 years from the same area, Cross River State. The mean environmental noise level in the two market environments studied (105.8 ± 9.3 dB) was significantly higher than in control sites, which was 55.5 ± 1.8dB (P < 0.001).
Air and bone conduction tests
The hearing acuity of exposed subjects and their controls at different frequencies for air conduction showed that there was a significantly higher hearing threshold (hearing loss) among the noise-exposed subjects than their controls at every frequency tested (P < 0.001) . Fig 1. For bone conduction also, there was a significantly higher hearing threshold (hearing loss) among the exposed subjects than their control at every frequency tested (P < 0.001). Fig  2 The prevalence (%) of hearing loss among the food grinding machine operators was significantly higher than that of their control (P< 0.01). Out of the 40 food grinding machine operators, 25 (62.5%) were found to have hearing loss, termed noise-induced hearing loss (NIHL). In the control group, 6 subjects (15.79%) out of 38 had hearing impairment.
Relationship between hearing threshold at different frequencies with duration of exposure and age of exposed subjects for air conduction.
Fig 3 shows hearing threshold (in dB) at different frequencies against duration of exposure and age of the exposed subjects (Fig 4) . The duration of exposure correlated positively with the threshold of hearing at the frequency of 2000Hz and 4000Hz (r = 0.357 and r = 0.444; P<0.001) whereas, age correlated positively with the threshold of hearing at frequencies of 2000, 4000Hz and 8000Hz (r = 0.266, P<0.05; r = 0.326, P<0.01 and r = 0.292, P <0.01, respectively).
Other symptoms resulting from exposure to noise level above recommended exposure limit (REL)
A total of 38 noise-exposed subjects completed the questionnaire. Out of these, 10 subjects (26.32%) had tinnitus; 8 subjects (21.05%) experienced insomnia and 13 subjects (34.2%) had headache at the close of work.
Of the 38 control subjects exposed to the barest minimum noise 2 subjects (5.26%) complained having tinnitus, 1 subject (2.63%) had insomnia while 2 subjects (5.26%) had headaches. The frequency of symptoms (tinnitus, insomnia and headache) was significantly higher among the food grinding machine operators than in control subjects (P< 0.01). Blood pressure in the two groups was not significantly different (P < 0.05). 
Discussion and Conclusion
This study shows that there is significant hearing loss among food grinding machine operators in Watt and Marian markets in Calabar, Nigeria compared to controls.
The noise level at grinding sites in Calabar markets was found to be 105.8 ± 9.3 dB, far in excess of the National Institute for Occupational Safety and Health (NIOSH) Cincinnati, Ohio USA, recommended exposure limit (REL) of 85dB (NIOSH, 1998) and also significantly higher than the noise in control areas (55.5 ± 1.8dB). It is therefore likely that the hearing impairment observed may have been due to the exposure of noise generated by the food-grinding machine in the market places. This was shown by elevation of hearing threshold at all the frequencies tested and most markedly at the 4000Hz among the grinding machine operators. Similar results of impaired hearing acuity have been shown due to noise (90dB -110dB) generated by motorcycles and wind (McCombe et al, 1993; McCombe et al, 1995) . However, there are no reports on symptoms that may be associated with the noise studied. Furthermore, correlation of length or duration of exposure with hearing loss at various frequencies shows a significant positive correlation at the 2000Hz and 4000Hz frequencies. This implies that the duration of exposure to grinding machine noise is important in the aetiology of hearing impairment found among the grinding machine operators. With time, their hearing loss will worsen and probably lead to more severe deafness. Hearing threshold also correlated significantly with age at the frequencies of 2000Hz, 4000Hz and 8000Hz. This confirms that hearing impairment worsens with age (Molvae & Lehmann, 1985; Erway et al, 1996) . However, it is not certain whether the positive relationship with the duration of exposure is linked with age. A multivariate analysis showed that the age and length of exposure were independent predictors. As there was significant elevation of hearing threshold at all frequencies (250 to 8000Hz) for both air and bone conduction, this indicates that grinding machine noise is capable of causing both low and high frequency hearing loss -mild to moderate sensorineural deafness when compared to their control. The higher incidence of symptoms viz: tinnitus, insomnia and headache among food grinding machine operators when compared to control shows that the symptoms may be noise related.
Results of this study indicate the need for implementation of appropriate hearing conservation programme to prevent or minimize the long-term sequalae of chronic exposure to noise especially in food grinding machine operators. This should include education on the risk of noise to the ears and the enforcement of wearing ear protection devices in the food grinding machine industry. In conclusion, chronic exposure to noise at intensity of 105.8 ± 9.24dB from food grinding machine can impair hearing acuity increase the incidence of tinnitus, insomnia and headache. Duration of exposure and age are associated risk factors.
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